Three different types of Polyethylene family, High Density Polyethylene, (HDPE), Low Density polyethylene (LDPE) and Linear Low Density polyethylene (LLDPE) polymers having different molecular weight and density; were pyrolyzed in the temperature range of 550˚C -1050˚C under H 2 , N 2 and Ar gases. Taguchi Optimization technique was applied to find out the best operating conditions to get maximum yield of carbon nano material (CNM). For Taguchi optimization, experimental set up was done in two different temperature ranges i.e. 550˚C -750˚C and 850˚C -1050˚C. CNMs synthesized were characterized by SEM, TEM, Micro Raman and XRD analysis. HDPE was found to yield maximum CNM. Its pyrolysis at 750˚C under hydrogen atmosphere for 2h gave carbon nano beads and some carbon nano tubes. Whereas under same conditions at 1050˚C more multi wall carbon nano tubes (MWCNT) were produced, with some carbon nano beads. XRD data confirmed the graphitic nature of carbon-nanotube. The intensities of G-band and D-band of Raman spectra suggested that CNM has more defect sites and spectra were similar for CNM obtained in both the temperature ranges. The TGA analysis of CNM obtained at 550˚C -750˚C, indicated that they are not amorphous carbon and CNM obtained at 850˚C -1050˚C decomposed at 624˚C -668˚C; suggesting that CNT synthesized at this temperature range were more crystalline than what was obtained at the 550˚C -750˚C.
Introduction
Discovery of carbon nano material (CNM) in 1991 [1] has attracted enormous attention of scientists; because of their unique structural, chemical, mechanical and electrical properties. In order to utilize CNM for commercial applications, efforts are being made to reduce the cost of its production. Because of its simplicity, CVD technique has been found to be the most popular technique for the large scale production of CNM. One of the factors controlling the price of the CNM is the precursors used for its production. The conventionally used precursors are expensive petro-derivatives e.g. benzene, acetylene etc. However, plant derived waste products like camphor, oils of non-edible plants [2] [3] [4] [5] have also been tried, in our lab as source of cheaper precursor.
In our pursuit of getting a cheaper precursor we have directed our efforts to use waste plastics; especially polythenes of thickness of less than 50 µm that are creating environmental disposal problems. Since these materials are composed of polyethylene (PE) and contains long linear or branched chains of hydrocarbons (which are a good precursor for synthesis of CNM) it was thought to be appropriate to develop the pyrolysis technology to synthesize CNM from waste plastics. This attempt will not only solve the problem of disposal of waste plastic in most ecofriendly way (as it converts plastic in absence of oxygen, thus does not produce oxidized toxic carbon compounds like carbon monoxide and dioxane) but also converts the waste (plastic) to wealth (CNT). There has been efforts made in this direction, but due to proprietor and patentable nature of the work, there are very few publications available.
In order to establish conditions of synthesis of CNM from waste plastics, it was decided to develop the technique for the synthesis of CNM first from virgin PE polymers. This was necessary because the waste plastic may contain mixture of different types of polymers. In this paper results obtained with only virgin polymers are discussed; though we have successfully synthesized CNT using same methodology from waste PE also. Application for getting patent has been applied; hence detail cannot be disclosed at present.
Since there were more than 3 parameters involved for pyrolysis techniques and each parameter was with 3 variables, it was decided to use Taguchi Optimization Technique to find out the most suitable parameters of pyrolysis that can give maximum yield of CNM [6] [7] [8] .
Taguchi Optimization Methodology
In a pyrolysis process the product's quality and quantity varies widely due to the parameters like temperature, flow rate and type of carrier gas, catalyst and precursor etc. Each parameters can have several levels. For example, temperature can have a range from 400˚C to 900˚C. Likewise other parameters will also have various levels. Considering these factors, the number of experiments becomes enormous to select the most effective parameters which can give the desired product. Taguchi Optimization Technique gives an opprotunity to carry out minimum number of experiments yet giving the best desired parameters and its level to get the desired product [9, 10] .
Taguchi method is based on calculating the statistical analysis of "Orthogonal Arrays" (OA) of data [11, 12] . The ANOVA is used to analyse the results of the OA experiment to determine how much variation in each parameters has contributed towards the production of desired product. This is found out by calculating the Signal-to-Noise ratio. Signal-to-Noise ratios (S/N) are log functions of desired output. If our interest is in getting product with largest quantity, then "larger the better" is used for such calculation. This is calculted by using the Equation (1):
where "y i " is the mean response calculated as 1 i y n y   and n is the number of experiments carried out under similar conditions.
Calculation for Effect of Each Parameter
To determine the effect of each parameter level (m i ) average value of S/N ratios is calculated for each parameter using "Analysis of Mean" (ANOM) [9] [10] [11] [12] [13] . For this calculation the S/N ratios of each experiment with corresponding parameter levels are calculated using Equation (2).
 
Two types of average value of S/N ratio are calculated. One is overall mean S/N ratio calculated from the entire experiments viz. from nine experiments of L9 orthogonal array (Tables 1 and 2) . The second average S/N ratio is calculated for each parameter from Equation (1 
From this FOE the percentage effect of each parameter on the production of the desired product is calculated.The main advantage of this technique is that, if for example there are 4 parameters each having 3 variables, and if they are to be repeated for 3 times, the total number of experiments becomes very large. Taguchi Optimization requires only 27 experiments if they are to be repeated three times. It is for these advantages, we have used Taguchi Optimization technique in the present work.
Material and Methods
Pyrolysis of three types of PE i.e. High Density Polyethylene, (HDPE), Low Density polyethylene (LDPE) and Linear Low Density polyethylene (LLDPE) polymers was performed. The parameters considered were 1) two different ranges of temperature i.e. lower temperature range (550˚C -750˚C) and higher temperature range (850˚C -1050˚C); 2) the carrier gases namely, hydrogen, nitrogen and argon and 3) duration of pyrolysis namely 1, 2 and 3 h. In order to calculate the impact of parameters on the production of CNM, factor effect was also calculated. Details of the methodology for the calculations of Taguchi Optimization technique are discussed elsewhere [6] [7] [8] .
Different Parameters & Their Levels for L-9 Orthogonal Matrix
As per Taguchi optimization methodology, two tables were constructed from the various combinations of all possible parameters with a minimum of three variables of each parameter. Variable parameters were selected which are orthogonal to each other. These parameters were: pyrolysis temperature, duration, carrier gas and type of polyethylene. Since, Taguchi Optimization technique can use only three levels of a parameter; two separate orthogonal tables were constructed, one orthogonal table utilizing 550˚C -750˚C and the other table using 850˚C -1050˚C temperature. Thus, two L9 orthogonal tables were constructed by using the parameters and their levels as mentioned in Tables 1 and 2 . Nano powder of iron was used as Catalyst and it was kept same for all experiments. Pyrolysis was carried out for each set of condition as mentioned in Tables 1 and 2 . Percentage yield of CNM and its S/N ratio were calculated for each experimental result by using Equation 1. The yields of CNM as well as S/N ratio calculated from each set are also given in Tables 1 and 2. CNM was analyzed by SEM, TEM, Micro Raman Spectroscopy, XRD and TGA.
Results and Discussions

Taguchi Optimized Pyrolysis Results of Temperature Range 550˚C -750˚C
Signal/Noise (S/N) ratio of CNM produced under different conditions is plotted in Figure 1 . Since our interest was to find out the condition of pyrolysis which could give the maximum amount of CNM, "Larger the Better" condition was used to calculate the S/N ratio. All those levels of parameters for which S/N ratio was more positive to the mean value of S/N ratio were considered as suitable levels for the production of CNM (Figure 1(a) ). Amongst three types of PE polymers, HDPE appeared to give the best yield. The calculation of % impact of each parameter on the production of CNM (Figure 1(b) ) suggests that maximum impact was that of the temperature (51.69%) followed by gas (25.12%) and then the duration (15.14%). It was interesting to note that when the pyrolysis was done in the temperature range of 850˚C -1050˚C duration of pyrolysis had highest impact (84.8%) on production of carbon nano tubes (Figure 2(b) ). SEM analysis-as it can be seen in Figure 2(a) , at 750˚C, pyrolysis under hydrogen atmosphere for 2 h duration yielded a mixture of carbon nano beads with some amount of carbon nano tubes.
TEM micrograph-of CNT confirmed that the CNTs are multi wall carbon nano tubes (Figure 3) .
XRD peaks at 26.35 and 43.56 of carbon materials, obtained from pyrolyzing HDPE at 750˚C (Figure 4(a) ) suggests CNM to possess graphitic nature along with some amorphous carbon.
Raman spectra (Figure 4(b) ) of all the samples showed almost similar results, with D-band around 1335 cm -1 and G-band around 1511.11 cm -1 . The intensity of Gband is less than that of D-band suggesting that CNM has more defect sites. The position of peak for G-band is more towards the D-band also supports this conclusion.
Taguchi Optimized Pyrolysis Results of Temperature Range 850˚C -1050˚C
S/N ratio-calculation of CNM obtained by the pyrolysis of HDPE in the temperature range of 850˚C -1050˚C shows that maximum yield of CNM was obtained at 1050˚C in presence of hydrogen atmosphere for pyrolysis duration of 2 h (Figure 5(a) ). It is interesting to note that while for 550˚C -750˚C; temperature showed the highest % impact on the production of CNM, whereas in the range of 850˚C -1050˚C, temperature had least impact i.e. only 3.5% and duration of pyrolysis had more impact of 84.78% (Figure 5(b) ). Similar results have been observed earlier also while using plant material as precursors [8] . XRD-peaks (Figure 6(a) ) of CNM obtained from pyrolyzing HDPE at 850˚C, confirms the CNM to be graphitic carbon (26.3˚ 2θ).
Raman spectra were almost same for CNM produced in the temperature range of 850˚C -1050˚C. Therefore, a typical Raman spectra obtained from CNT at 850˚C is presented in Figure 6 (b), which shows D-band at 1332 cm -1 indicating defect in graphitic carbon. Further Gband at 1587 cm -1 is the characteristic peak for graphitic carbon. It is interesting to note that D-band obtained with carbon produced either at 750˚C or 850˚C are almost the same (~1332 -1335 cm -1 ), which appears at the expected peak of carbon containing defects (1332 cm -1 ). However, the G-band peaks obtained with carbon produced at 750˚C is at 1511 cm -1 while for carbon produced at 850˚C is 1587 cm -1 . This suggests that while the defect present in both forms of these carbons are almost the same type but graphitization has taken place more at higher temperature.
SEM micrographs of CNM obtained at 550˚C -750˚C, and those obtained in the temperature range of 850˚C -1050˚C are shown in Tables 3 and 4 along with their TGA spectra. It interesting to observe that CNM obtained at lower temperature range i.e. 550˚C -750˚C, most of nanotubes. But at higher temperature beads seems to have elongated to CNTs among with some remnant carbon nano beads, hence there is a large percentage of carbon nanotubes and very few carbon nano beads. Taguchi optimization methodology has also suggested that yield of carbon nano tubes is affected more by the temperature (Figure 1(b) ) or duration of exposure to temperature (Figure 5(b) ) during of pyrolysis; as also noted earlier with other precursors [8] . The SEM micrographs of Figure 2 suggest that carbon nano beads and carbon nano tubes are obtained when HDPE is pyrolyzed at 750˚C and 1050˚C respectively.
TGA Results of the de at CNM obtained at 550˚C -750˚C, decomposed in the temperature range of 559˚C -648˚C which is an indication that these materials are not amorphous carbon (Table 3). Derivatives of TGA of CNM obtained at 850˚C -1050˚C shows that these materials decomposes at 624˚C -668˚C; suggesting that CNT synthesized at this tem- Table 3 . CNM Taguchi method (550˚C at the 550˚C -750˚C (Tables 3 and 4) . Raman spectra also support this observation.
Conclusion
Virgin polymers (L sis using CVD system can be converted into MWCNT or CNB depending on the temperature range used. Taguchi Optimization methodology helped in selecting the best suitable parameters for high yield of desired CNM. Hydrogen atmosphere and a duration of 2 h pyrolysis was found to be the best condition for both low (550˚C -750˚C) temperature range that produced CNB; as well as high (850˚C -1050˚C) temperature range, which produced more MWCNT. Various characterization data viz. SEM, TEM, Micro RAMAN & TGA; all supported the same findings that CNM synthesized were graphitic, crystalline material having MWCNT or CNB morphology. Temperature higher than 600˚C helped in getting rid of amorphous carbon from the CNM produced. 
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